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Method of controlling load in mobile communication system 



The present invention relates to a method of controlling load in a 
mobile communication system in a system in which the mobile stations com- 
5 prise means for utilizing discontinuous transmission. The invention further re- 
lates to a mobile communication system comprising a mobile exchange, base 
stations in a data transmission connection to the mobile exchange, and mobile 
stations in a radio connection to the base stations, said mobile stations com- 
prising means for utilizing discontinuous transmission. The invention further 
10 relates to a mobile station comprising transmission means and reception 
means for receiving and transmitting telecommunication signals via a radio 
path, a user interface for receiving voice signals, and control means for utiliz- 
ing discontinuous transmission, the control means comprising signal process- 
ing means for processing the voice signals received through the interface by 
15 utilizing parameters stored in the mobile station for detecting speech from the 
voice signals received through the interface. 

jhe present invention relates to controlling the load in a mobile 
communication system in which the mobile stations can utilize DTX 
(Discontinuous Transmission). The GSM system (Global System for Mobile 
20 Communications) is an example of this sort of system. 

Discontinuous transmission aims to prolong the life of a battery in a 
mobile station by shortening the time a radio transmitter is in use. Further- 
more, by reducing radio traffic, discontinuous transmission reduces disturbing 
interference on a radio path. In order to achieve these objects, in discontinu- 
25 ous transmission a mobile station transmits radio signals only when the user is 
speaking on it In other words, the transmission to the radio path is interrupted 
during the breaks in speech. On the receiving side, pseudo noise, in other 
words comfort noise, is generated during the breaks in speech when no 
speech frames are received from a radio path. The parameters describing 
30 background noise are computed on the transmitting side and transmitted to 
the receiving side in the last frame, shortly before the transmission is inter- 
rupted. In addition to this, they are transmitted at regular intervals in the sig- 
naling channel. 

In the GSM system, a mobile station encodes speech in 20 ms se- 
35 quences in such a manner that a codec forms a set of parameters from each 
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20 ms voice sample. The size and structure of this parameter set is dependent 
on the codec used; there are several different codecs available. To transmit 
speech in the GSM system is thus to transmit encoded blocks. 

To ensure the utilization of discontinuous transmission, a mobile 
5 station needs VAD (Voice Activity Detection) by means of which it can be ex- 
amined whether a particular voice signal comprises speech or merely back- 
ground noise. A GSM mobile station utilizing discontinuous transmission en- 
codes speech at a rate of 13 kbit/s while the user is speaking, and at other 
times (in other words when the user is not speaking) at a rate of around 500 
10 bit/s. The rate is sufficient for transmitting background noise to the other party 
of the call in order to make him/her notice that the call has not been discon- 
nected. 

There are various algorithms by means of which an encoded block 
comprising silence or background noise and a block comprising speech can 

15 be discriminated from each other. Usually the algorithm used is dependent on 
the encoding method used. The aim is to select the DTX parameters in such a 
manner that speech and background noise could be reliably discriminated 
from each other. By regulating these parameters DTX can be made to function 
in such a manner that even extremely quiet speech can start a transmission 

20 or, on the contrary, a DTX parameterization by which a transmission is not 
easily started can be provided. 

The capacity of a mobile network is usually dimensioned in such a 
manner that the network is able to transmit the load peaks occurring normally. 
In other words, not every individual mobile station within the system has data 

25 transmission capacity continually reserved for it, but in conjunction with de- 
signing the network the aim has been to estimate the maximum capacity need, 
according to which the network has been dimensioned. In practice this means 
that mobile stations use existing data transmission capacity alternately, and if 
the number of simultaneously active (a call is in progress) mobile stations ex- 

30 ceeds the number for which the capacity has been dimensioned, the mobile 
communication system fails to serve all mobile stations. Since it is extremely 
difficult to estimate the right capacity need in advance, in practice situations 
occur in which the capacity of a mobile communication system runs out. 

A way to ensure that the capacity of a mobile communication sys- 

35 tern is sufficient is, of course, to increase the capacity of the network, in other 
words to dimension the network for a greater maximum capacity than before. 
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This, however, means increasing costs since in practice the result would be an 
over-dimensioning in which the network would have to be dimensioned for 
- such a heavy traffic load which in practice would never exist on it. 

An object of the present invention is to provide a solution for con- 

5 trolling load in a mobile communication system in such a manner that an ex- 
isting traffic capacity can be utilized more efficiently than before to make it 
possible to serve a larger number of mobile stations than before, without a 
need to increase the capacity of a network, which would increase equipment 
costs. This object is achieved with the method of the invention, which is char- 
0 acterized in that at least one mobile station is equipped with regulation means 
for regulating its parameters related to discontinuous transmission, and a con- 
trol signal is transmitted via a radio path to at least one said mobile station for 
regulating its parameters related to discontinuous transmission in such a man- 
ner that the mobile station transmits telecommunication signals to the other 

1 5 parts of the system more seldom or more often than before. 

The invention is based on the idea that when a control signal can 
be transmitted from a mobile network via a radio path to the mobile stations of 
the system, said control signal enabling the mobile stations to regulate their 
parameters related to discontinuous transmission in such a manner that the 

20 mobile stations less often transmit radio signals to the other parts of the sys- 
tem, capacity can be released in the network in such a manner that the num- 
ber of the mobile stations which can be simultaneously served by the network 
increases. In other words, when it is noted that the load of the mobile network 
is approaching the maximum capacity of the network, the capacity in use can 

25 be released by ordering the mobile stations to transmit more seldom^than be- 
fore, whereby a larger number of mobile stations can be served at^particular 
capacity than before. In accordance with the invention, in some situations the 
mobile stations can be similarly controlled to regulate their parameters related 
to discontinuous transmission in such a manner that the mobile stations 

30 transmit radio signals to the othier parts of the system more often than before. 

The most essential advantages of the method of the invention are 
that it enables the existing capacity of a mobile network to be utilized more 
efficiently than before, that a larger number of mobile stations can be served at 
the existing capacity than before, whereby equipment costs associated with 

35 increasing the capacity are avoided, and that the method of the invention can 
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be applied to already existing mobile networks by extremely small changes, 
which can mainly be implemented by software modifications. 

The invention further relates to a mobile communication system in 
which the method of the invention can be applied. The system of the invention 
5 is characterized in that the system comprises monitoring means for monitoring 
the traffic load in different parts of the system, control means responsive to the 
monitoring means for transmitting a predetermined control signal to certain 
mobile stations or mobile stations located in a certain area via a radio path 
when the monitoring means indicate that the traffic load in some part of the 

10 system exceeds the predetermined limit, and mobile stations comprising 
regulation means for regulating their parameters related to discontinuous 
nk> r transmission in response to the reception of the control signal in such a man- 
r^\#? ner that said mobile stations more seldom or more often transmit^atecoa«»«* 
A, nication signals to the other parts of the system. 

15 An essential advantage is achieved particularly in a mobile commu- 

nication system in which the data transmission connection between a base 
station and a mobile exchange is packet switched, when monitoring means 
are arranged to monitor at least the amount of the free traffic capacity of the 
telecommunication connection between the base station and the mobile ex- 

20 change and to transmit a control signal to mobile stations communicating with 
the base station when the free capacity drops beneath the limit value. In such 
a case, a reduction in the number of speech frames transmitted by the mobile 
stations via a radio path directly reduces the number of packets transmitted on 
the data transmission connection, in other words the amount of free capacity 

25 increases. 

When the control means control the free traffic capacity of the radio 
channels of a certain base station or alternatively the quality of a call trans- 
mitted via one or several predetermined base stations, the control means de- 
tect when the load in a particular base station is becoming too heavy. In the 
30 CDMA (Code Division Multiple Access) system, for example, this can be seen 
in transmission power exceeding a certain limit In such a case, an attempt 
can be made to release traffic capacity in the area of the CDMA system in 
question by commanding the mobile stations to transmit speech frames less 
often. 

35 In a mobile communication system similar to the CDMA a radio in- 

terface does not precisely restrict the number of calls taking place in the area 
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of one base station, but the calls have a practical limit, and to exceed this limit 
leads to degraded voice quality of the calls. In this sort of "soft capacity" sys- 
- tern, an attempt can be made to increase the capacity (by reducing interfer- 
ence) by the solution of the invention, which reduces interference in a base 
5 station environment. 



ized in the system of the invention. The mobile station of the system is char- 
acterized in that the mobile station comprises detection means for detecting a 
predetermined control signal received by reception means via a radio path, 

10 and regulation means, responsive to the detection means, for changing said 
parameters utilized in speech detection by signal processing means in such a 
manner that the signal processing means interpret the voice signals received 
through a user interface as background noise more seldom than before or 
more often than before. 

15 The preferred embodiments of the method and the mobile commu- 

nication system of the invention are disclosed in the attached dependent 
claims 2 to 3 and 5 to 9. 

The invention will be described in closer detail in the following by 
way of example with reference to the attached figures, in which 

20 Figures 1A and 1B illustrate the load in a mobile communication 



system. Figures 1A and 1B can be assumed to describe the load in a data 
transmission connection between a single base station and a mobile ex- 
change, for example, whereby the vertical axes describe load and the hori- 
zontal axes time t. In Figures 1A and 1B, the allowed maximum load MAX is 
35 indicated by the horizontal line, whereby the total data transmission capacity 
available is in use. 



The invention further relates to a mobile station which can be util- 
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Figure 1 A illustrates the load in a mobile network when the network 
is used by four mobile stations a to d. For the mobile stations, a horizontal line 
- is drawn when a mobile station transmits speech blocks. The figure shows that 
at time instant to all four mobile stations transmit speech blocks simuttane- 
5 ously, whereby the load in the network exceeds its maximum limit, in other 
words the network fails to serve all mobile stations without interference. 

Similarly, Figure 1B illustrates the load of the same mobile station 
as in the case of Figure 1 A, but the method of the invention is applied to it, in 
other words, when the limit of the maximum load MAX of the network is ap- 
10 proaching, the network transmits a predetermined control signal to the mobile 
stations to regulate the parameters related to their discontinuous transmission 
in such a manner that the mobile stations transmit speech frames less often 
than before. The load peak,can thus be balanced, and no overload similar to 
that in Figure 1 A occurs. For each mobile station, the change in the number of 
15 speech frames to be transmitted can be very small indeed, but the regulation 
is all-important to the entire network (or a part of the network). 

Figure 2 shows a flow diagram of a first preferred embodiment of 
the method of the invention. 

In block A of Figure 2 the load in different parts of the network is 
20 monitored. Between a base station and a mobile exchange in a packet 
switched transmission network, the number and/or size of the packets to be 
transmitted can be monitored, for instance. In the radio interface of a mobile 
network, the quality of connections in progress, for example, such as the bit 
error ratio, signal/noise ratio, or transmission powers (particularly in the CDMA 
25 systems) or corresponding parameters, which help to form a picture of the in- 
terference level in a base station environment, can be monitored. 

In block B it is checked whether the load in some part of the mobile 
network is heavier than the reference value Kmax determined for it. 

In block C a control signal making the mobile stations regulate their 
30 parameters related to discontinuous transmission in such a manner that said 
mobile stations transmit speech frames less often than before, is transmitted 
to those mobile stations which utilize the part of the network where the load 
exceeds the reference value Kmax. This can be achieved, for instance, by 
regulating those parameters which the mobile stations utilize for discriminating 
35 speech and background noise, whereby the mobile stations interpret the voice 
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signals received via their microphones as background noise more easily than 
before. 

In block D it is checked whether the load in a mobile network (in the 
same part of the network in which the load in block B exceeded the reference 
5 value Kmax) drops below another reference value Kmin. If this is the case, it 
means that the load peak of the network is passed, which means a transfer to 
block E where a control signal making mobile stations regulate their parame- 
ters related to discontinuous transmission to their initial values, is transmitted 
to said mobile stations utilizing the part of the network in question. 

10 As distinct from the block diagram in Figure 2, the parameters re- 

lated to discontinuous transmission in mobile stations can also, of course, be 
steplessly regulated in such a manner that the regulation takes place step- 
lessly in response to the traffic load of a network. 

Figure 3 shows a block diagram of a first preferred embodiment of 

15 the mobile communication system of the invention. It can be assumed by way 
of example that the part of the mobile network shown in Figure 3 is a part of 
the CDMA mobile network. 

The mobile exchange MSC shown in Figure 3 communicates with 
base station controllers BSC1 and BSC2 via packet switched connections, and 

20 in the case of Figure 3, the base station controller BSC1 communicates with 
base stations BTS1 and BTS2 via packet switched connections L1 and L3. 

In Figure 3, the base station controller BSC1 is equipped with 
monitoring means 1 through which it monitors the load in the data transmis- 
sion connections L1, L2 and L3. Furthermore, the base station controller 

25 monitors the transmission powers of the mobile stations in the radio cells of 
the base stations BTS1 and BTS2 (in the CDMA system, the transmission 
powers of a mobile station depend on the load in the radio cell in question). 
The monitoring means 1 thus note if some part of the network becomes too 
heavily loaded. 

30 When the monitoring means 1 detect that the load of the data 

transmission connection L2, for example, is approaching its maximum allowed 
value, the monitoring means control the base stations BTS1 and BTS2 to 
transmit a predetermined control signal CNT to all mobile stations located in 
their radio coverage area. Said control signal is preferably transmitted as a cell 

35 broadcast in some broadcast control channel, in which also other data in- 
tended to all mobile stations, such as data on the calling channels of the radio 
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ceil, is transmitted. The control signal can thus be transmitted to the largest 
possible number of mobile stations at the same time. Alternatively, the control 
- signal can be transmitted to each mobile station one by one by utilizing an ex- 
isting signaling channel. 
5 In Figure 3, mobile stations MS1 to MS5 utilize discontinuous 

transmission in a manner known per se, in addition to which they are, in ac- 
cordance with the invention, equipped with regulation means for regulating 
their parameters related to discontinuous transmission in response to the data 
contained in the control signal CNT. Subsequent to said regulation, the mobile 

10 stations MS1 to MS5 transmit speech blocks to the base stations BTS1 and 
BTS2 less often than before, whereby the base stations BTS1 and BTS2 cor- 
respondingly strain the packet switched connection L2 between the base sta- 
tion controller BSC1 and the mobile exchange MSC less than before. 

Figure 4 shows a block diagram of the first preferred embodiment of 

15 the mobile station of the invention. The mobile station in Figure 4 can be a 
GSM system mobile station, for instance. 

In Figure 4, the parts related to discontinuous transmission are 
shown in block TXDTX (Transmit DTX). From block TXDTX, speech frames, 
comprising a flag SP (Speech) in the control bits which indicates whether said 

20 frame comprises speech or whether a so called SID (Silence Descriptor) frame 
comprising data on background noise is in question, are continuously trans- 
mitted to the transmitting part. The SP flag is determined on the basis of a 
VAD flag provided from unit 2 indicating speech activity. When this flag has 
changed to zero, in other words when speech is no longer detected from the 

25 signal supplied from a user interface 3 (from a microphone), the SP flag is also 
changed to zero after the number of frames needed for computing background 
noise parameters, whereby a transmission unit TX still transmits the frame in- 
dicated by the zero flag and comprising the noise parameters to a base station 
via a radio path. Subsequently, the transmitter TX stops transmitting to the 

30 radio path, with the exception of theframe comprising noise data, transmitted 
at reqular intervals. However, the ^RCTOT^ block continues to transmit frames 

; comprising noise data to the transmitter TX constantly. 

When the VAD function redetects speech in the voice signal sup- 
plied from the user interface 3, the SP flag changes its value to one, whereby 

35 the transmitter resumes continuous transmission. 
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In accordance with the invention, a detector 4 is arranged in the 
mobile station in Figure 4 for detecting the control signal received by a re- 
. ceiver RX and a regulation unit 5 which in response to the control signal de- 
tected by the detector 4 regulates the parameters used in the VAD function in 
5 response to the data in the control signal. The parameters related to discon- 
tinuous transmission of the mobile station in Figure 4 can thus be regulated in 
such a manner that in conjunction with discontinuous transmission, the mobile 
station is made to interpret the voice signals received from its user interface as 
background noise more easily than before. 

10 Figure 5 illustrates the VAD (Voice Activity Detection) function of the 

mobile station in Figure 4. The VAD function is mainly based on the detection 
of the energy of a signal received through a microphone. In order to eliminate 
background noise, however, the signal is filtered first, whereupon the energy 
of the filtered signal is compared with a threshold value, and if the threshold 

15 value is exceeded it is noted that the voice signal received through the micro- 
phone comprises speech. 

The VAD function thus provides a plurality of alternatives for the in- 
vention to be applied in such a manner that a mobile station can be made to 
identify a received signal as background voice (and not as speech) more eas- 

20 ily than before. The method of the invention can thus be applied by regulating 
the threshold value, for instance, or alternatively by changing the parameters 
of the filter, for instance. 

The VAD function shown in Figure 5 is described in detail in the 
GSM Specification 06.32, which is incorporated herein by reference. The 

25 speech encoder of a mobile station computes the autocorrelation coefficients 
ACF required by the GSM Specifications 6.10, said coefficients being supplied 
to the VAD function by the speech encoder. Similarly, to the VAD function is 
supplied a long term predictor lag value N obtained from the speech encoder 
of the GSM specifications 6.10. A VAD flag, which affects the value of the SP 

30 flag described in conjunction with Figure 4, is obtained from the VAD function 
for initial data. 

It will be understood that the above description and the accompa- 
nying figures are only intended to illustrate the present invention. It will be ap- 
parent to those skilled in the art that the invention can be modified and varied 
35 in many ways without departing from the scope and spirit of the invention dis- 
closed in the attached claims. 



